Abstract. Indoor thermal conditions and structure features of the construction of rural dwellings in Northwest China were investigated and tested, the results show that the rural building duo to lack of scientific and systematic thermal design, the thermal properties of building envelope structure is poor, the indoor thermal environment in winter is not ideal, and the residents of thermal comfort satisfaction is low. According to the local climatic conditions and residential characteristics, by using Design Builder software to analyze the influence of enclosure structure on each function room temperature of under the indoor partition function control mode, to obtain the best practice of enclosure structure and thermal parameters, and comparative analysis is made of the indoor temperature changes by adopting design strategies before and after. The results show that the average indoor temperature of the south room is increased by 3.9 °C and the temperature fluctuation is reduced by 0.7 °C after adopting the suitable design technique of enclosure structure.; meantime, the average indoor temperature of the south room is increased by 4.2 °C and the temperature fluctuation is reduced by 2.9 °C after adopting the suitable design technique of enclosure structure, In the natural condition of each function room indoor thermal environment quality can reach the demand of residents for indoor thermal comfort standards, the research will provide a useful exploration for the design of rural solar energy buildings in Northwest China or other similar areas.
Introduction
The Northwest China is located in the cold and cold climate zone. The climate is bad, the ecological environment is fragile, and the winter is cold and long. Due to the large number of rural residents, the total amount of rural residential buildings is large and wide, but the building form is simple and the structure is extensive, and the indoor thermal environment is poor in winter [1, 2] . Corresponding to the harsh natural conditions, the northwest region is rich in solar energy resources and has the advantage of developing solar heating buildings [3] . The development of passive solar heating buildings according to local conditions plays a positive role in solving the contradiction between heating energy utilization and ecological protection of rural buildings in the ecologically fragile areas of Northwest china. Up to the present, solar energy building has been developed for forty years in our country. However, there are still some shortcomings in the field of thermal design, such as the one-sided region and the integration of space. The solar energy utilization effect is not ideal.
In recent years, many scholars have also studied the characteristics of solar heating buildings and residents in rural areas of Northwest china. But the existing researches are more general ideas and methods, and the geographical characteristics of the building and the lack of spatial considerations [4, 5, 6] ; and the stability of the indoor temperature and different functional rooms on the thermal environment quality requirements of the differences Less [7, 8] . In addition, how to use passive technology to optimize indoor heat distribution, improve the quality of thermal environment, and solve the contradiction between heating energy supply and demand mismatch, have not yet been systematically reported. In view of, based on the rural residential area of Ningxia as the research object, through investigation, test, theoretical analysis and numerical simulation, to analyze the influence of enclosure structure on each function room temperature of under the indoor partition function control mode and obtain the best practice of enclosure structure and thermal parameters, also the indoor temperature changes before and after optimization are compared and analyzed. The research will provide a useful exploration for the design of rural solar energy buildings in Northwest China or other similar areas.
Rural residential buildings and thermal environment in Northwest China
In the middle of January 2015, the research team conducted a field survey on the representative solar energy rich areas of Ningxia in Northwest China, it was found that the rural dwellings in this area can be divided into two categories: raw soil houses and brick houses, of which 13% of raw land, brick houses accounted for 87%. The research also found that the brick houses by oneself are mostly face north, the east-west axis long and north-south axis short, the exterior walls are 370 mm solid clay bricks with flat roofs or double sloping roofs, the building is only south to the window and the window type is single layer single frame aluminum alloy window or single layer single frame plastic window. It can be seen that the use of passive solar energy has been taken into account in the construction of the brick concrete houses built in the area.
To further explore the utilization effect of building solar energy research group selected a representative building, the research team selected a representative building, and carried out indoor and outdoor environmental test in December 17th of that year, during the test, there is no auxiliary heat source in the room , and the test time is 24 hours of continuous testing, the measuring point plan shown in Fig. 1 , the test results shown in Fig. (2-4) . Fig. 2 , the outdoor temperature is rising at 8:30 am -5:00 pm, and the outdoor temperature is decreasing at 5:00 pm -8:30 in the next day; the average outdoor temperature is -2.7 °C, the temperature range of -7.6 to 2.5 °C , the temperature fluctuation is 10.1 °C. It can be seen that the area is cold in winter and the temperature fluctuation is larger in day.
The change of indoor temperature and humidity during the test is shown in Fig. 4 . Fig. 4 , The average relative humidity of the main and secondary rooms (bedrooms, sundry rooms) is about 40%, close to 40% to 70% of the lower limit of comfort [9] ; but the overall indoor temperature is low, of which the main function room indoor temperature average of 9.5 °C, the secondary function room temperature average 4.0. In addition, the test data show that the indoor temperature fluctuation range of each function room is larger, the temperature fluctuation range of the main function room is 8.6 °C, and the temperature fluctuation range of the function room is 6.6 °C. Generally speaking, the indoor temperature of the main function room in the rural houses in Northwest China is higher than that in the secondary rooms, but the room temperature is generally low, and the temperature fluctuation is larger.
At the same time, the research group conducted a questionnaire on the satisfaction and thermal acceptance of indoor thermal environment, the results showed that: 68% of respondents think the winter indoor temperature is too low to feel comfortable, which is not that comfortable accounted for 43%, in addition, the indoor air temperature limit of 80% residents acceptable value of 9 °C, and that the secondary function room indoor air temperature can be 3 °C lower than the main function room.
It is not difficult to find that rural architecture has contained some of the ideas and means of the utilization of solar energy in the northwest, but because the building is still lack of scientific and systematic thermal design, the thermal performance of building envelope is poor, the indoor thermal environment in winter is not ideal, and the residents of thermal comfort satisfaction is low.
Therefore, need to be combined with the specific situation in northwest rural area, optimizing the design of building structure to achieve the construction of solar energy collecting, storing sufficient and reasonable releasing and distributing, so as to improve the environmental quality of indoor thermal and thermal comfort of residents increased satisfaction.
Rural solar energy building envelope structure optimization design
Building model. Indoor thermal conditions of solar heating buildings are not only related to solar radiation intensity and outdoor air temperature, but also closely related to building parameters. According to the provisions of document [10, 11] construction parameters, the direct benefit of solar building the plane form, window wall ratio, enclosure structure and thermal parameters, and based on field research on rural construction in Ningxia area in recent years, the basic building model is close to the actual situation of the rural solar building in Northwest China the basic structure parameters, see Table 1 . Solar radiation is a kind of intermittent low density energy, the total heat collection of buildings is relatively limited, so the heat energy is distributed evenly in the room, which will inevitably lead to the decrease of the utilization benefit and the thermal comfort level of the main function rooms [12] ; in addition, Taking indoor space as a whole will simplify the process of thermal analysis, but it is insufficient to consider the difference of indoor thermal environment under the division of building function. According to the investigation of the basic space of the existing rural buildings in Northwest China and the residents' willingness to use the residential buildings, a typical indoor space model is identified, as shown in Fig. 5 .
Based on the parameters in Table 1 , a building physical model is built using a dynamic simulation software (Design, Builder) (as shown in Fig. 6 ). The model is a naturally run building, so the internal heat gain is not considered. Outdoor meteorological data are selected from typical meteorological year data of Ningxia Yinchuan. After the outdoor thermal environment is determined, the indoor temperature of the specific building physical model is mainly affected by the window area ratio, the heat transfer coefficient of the external window, the heat transfer coefficient of the external wall, the heat transfer coefficient of the roof and so on. This paper will also analyze and optimize the envelope structure from these aspects.
The ratio of window wall area. Outside the window as a collection of building parts and heat loss components of the assembly, the south to the indoor average temperature increases with the window area ratio increases, but blindly increase the window wall area ratio will lead to excessive indoor temperature fluctuations, while the North window is because there is no thermal effect of direct solar radiation, the heat loss is large; at the same time different regions, different building model, the indoor temperature change trend with the area ratio of window to wall were also different. For the construction of a typical village of solar energy in Ningxia area, when the heat transfer coefficient of exterior wall is 1.54 W/(m 2 ·k), north and south windows are used aluminum alloy single glass window, the change of natural running under the winter indoor temperature with the ratio of window to wall is shown in Fig. 7 . The ratio of north window wall area temperature/ ℃ (a) (b) Fig. 7 ,The influence of window wall area ratio on indoor temperature As shown in Fig. 7 (a) , with the increase of the ratio window to wall of the south, the indoor average temperature in the north and South rooms all are increased, but the temperature fluctuations in the south room is increased as well. When the window wall area ratio is increased from 0.30 to 0.55, the average indoor temperature of the south room is increased by 0.7 °C, and the fluctuation range of temperature is increased by 2.2 °C; meantime, the average indoor temperature of the north room is increased by 0.4 °C, the temperature fluctuations basically unchanged. It can be seen that increasing the southward window wall ratio can significantly improve the indoor temperature of the south, but due to the cyclical characteristics of solar radiation, with the increasing ratio of the south window wall area, room indoor temperature fluctuation also increased. with the south to the window wall area ratio increases, the south room temperature fluctuations also increased. In reference [10] , the area ratio of the south window to wall is recommended for the direct benefit type solar heating building, which is lower than the south window wall area. In this paper, the ratio of 0.5 to window to wall of the south is recommended.
As shown in Fig. 7 (b) , with the increase of the ratio of the north to the window wall, the indoor average temperature of the room from north to South all are decreased, the temperature fluctuation in the north room is increased as well. When the window wall area ratio is increased from 0.2 to 0.4, the south room indoor average temperature is decreased only 0.1 °C, and the temperature fluctuations remain unchanged; but the indoor average temperature is reduced 0.5 °C, the temperature fluctuation is increased by 1.8 °C. It can be seen that the north out window is a net heat loss component, and the wall area ratio should be reduced as much as possible. According to China's "rural residential building energy-saving design standards" in GB/T50824-2013 on the north to the room area ratio of window to wall the provisions of [11] , determining the North window wall area ratio of 0.2, which take into consider lighting and ventilation of north room etc.
External window type and heat transfer coefficient. The outer window has an advantageous aspect of introducing solar radiant heat, but also has an disadvantageous aspect of heat transfering loss and cold air infiltrating loss. As far as the south window is concerned, it is not only the main heat collection component, but also the main heat sink at night. The outdoor thermal effect of the North window is different from that of the south. According to the outdoor meteorological conditions of Ningxia Yinchuan area, the paper chooses four conventional windows (see Table 3 ) and analysis its impact on the indoor temperature. When the south window wall area at the ratio of 0.5, the north window wall area at the ratio of 0.2, and the wall heat transfer coefficient is 1.54 W/(m 2 ·k), the influence of these four types of windows (specific structural types and thermal parameters, see Table 2 ) on winter indoor temperature as shown in Fig. 8 . Fig. 8 , The influence of exterior window type on indoor temperature As shown in Fig. 8 (a) , when the plastic window outside the south window is replaced by a plastic frame with low thermal conductivity, the average temperature and temperature fluctuation in the room of the north and South rooms are unchanged. With the Aluminum Alloy single box (single frame double glass or plastic) instead of a single glass, the corresponding room indoor average temperature and the temperature fluctuations part are increased by 0.4°C and decreased by 1.0 °C, but the north of the room temperature changes little. It can be seen that the indoor temperature of the south room is more obviously affected by the structure of the south window and the thermal parameters, by comparison, the room temperature in the north is basically the same.
As shown in Fig. 8 (b) , the average temperature and temperature fluctuation in the room of the north and South rooms do not change when the plastic window is replaced by a plastic frame with a low thermal conductivity outside the North window. With the aluminum alloy single box (single frame double glass or plastic) instead of a single glass, corresponding to the north room indoor average temperature and the temperature fluctuations part are increased by 0.5°C and decreased by 0.2 °C, but south room temperature is kept constant. It can be seen that the indoor temperature of the north room is more obvious than that of the south window, By comparison, the indoor temperature of the south room is basically unchanged.
In summary, it can be seen that the window frame material has no influence on room temperature in Ningxia Yinchuan area, but the single frame double glass instead of single box single glass, the indoor average temperature will increase and the indoor temperature fluctuations will reduce, so selecting of a single box double glass window type for subsequent analysis.
External wall structure and heat transfer coefficient. External wall as the main part of the enclosure structure, the heat transfer coefficient of the exterior wall has a significant impact on building heat loss and indoor temperature [4] . In addition, compare with general heating buildings and single space solar building, solar building indoor and outdoor heat and heat transfer between the indoor space exist at the same time, so that the different orientation external wall thermal resistance change of indoor thermal environment will be different. Through the investigation of rural solar energy buildings in Ningxia, we can see that this rural area mostly adopts the self thermal insulation wall brick, lime sand brick and porous brick (Self -thermal insulation wall, referred to as "STI"), of course, a small building with sandwich insulation wall (Sandwhich insulation wall, referred to as "SI") [13] . The specific structural types and thermal parameters are shown in Table 3 , and the effects of six representative structural walls on the indoor average temperature in winter are shown in Fig. 9 . Table 3 , Types of wall structure and thermal parameters Fig. 9 , The Influence of exterior wall type on indoor temperature As shown in Fig. 9 (a) , when the area ratio of the window to the window is 0.5 and 0.2 respectively, the room temperature all changes of the north and south of the building under the different heat transfer coefficients. It can be seen from the diagram that the indoor average temperature of the north and south rooms all increases with the decrease of the heat transfer coefficient of the South outer wall, and the fluctuation range of indoor temperature varies little. When the south wall heat transfer coefficient from 1.89 W/(m 2 ·k) is reduced to 0.7 W/(m 2 ·k), the average indoor temperature of the south room is increased by 1.5 °C, the temperature fluctuation is increased by 0.3 °C; the average indoor temperature of the north room is increased by 0.9 °C, the temperature fluctuations basically unchanged. It can be seen that the average temperature of the interior of the south room increases obviously, and the range of temperature fluctuation remains basically unchanged when the heat transfer coefficient of the south wall is decreased. However, when the SI-2 type structure is used instead of the SI-3 type structure in the South outer room, the average indoor temperature in the north and South rooms only is increased by 0.1 °C. Combination with the local economic situation, it is suggested that the SI-2 structure be adopted for the South outer wall.
As shown in Fig. 9 (b) , when the area ratio of the window wall area is 0.5 and 0.2 respectively, the room temperature all changes of the north and south of the building under the different heat transfer coefficients. As can be seen from the diagram, the average indoor temperature of all rooms are increases with the decrease of the coefficient of heat transfer to the north wall, and the fluctuation range of indoor temperature more little. When the south wall heat transfer coefficient from 1.89 W/(m 2 ·k) is reduced to 0.7 W/(m 2 ·k), the average indoor temperature of the north room is increased by 2.3 °C, the temperature fluctuation is increased 0.2 °C; the average indoor temperature of the north room is increased by 0.5 °C, the temperature fluctuations basically unchanged. It can be seen that the heat transfer coefficient of the north wall is reduced, and the indoor temperature of the room is obviously increased, and the range of temperature fluctuation remains basically unchanged.
In summary, it can be seen that the indoor average temperature is improved remarkably after the heat transfer coefficient of the exterior wall is reduced, and the fluctuation range of indoor temperature varies little. At the same time, combination with the local rural economic conditions, In the paper, the south exterior wall is selected as the SI-2 structure and the north exterior wall is selected as the SI-3 structure for further analysis.
Roof structure and heat transfer coefficient. Roof as the top of the building envelope, with insulation, heat insulation and waterproof such as multiple roles. With the increasing demand for building energy efficiency, energy-saving roof has been developed and popularized rapidly. In addition, extensive application of high efficiency insulation materials, not only improves the energy-saving effect of roofing but also promotes the development of roofing structure, meantime, inverted roof is a more advanced and scientific way of construction. [14] . To sum up, in this paper, the use of inverted roof structure and select the expansion of polystyrene board as insulation materials. Three typical structural roofs (specific structural types and thermal parameters) are shown in Table 4 . The influence of indoor mean temperature in winter is shown in Fig. 10 . ·k), the south room average indoor temperature is increased by 2.0 °C, the temperature fluctuations is increased by 0.2 °C; meantime, the north room average indoor temperature is increased by 1.8 °C , but the temperature fluctuations remain unchanged. Therefore, the decrease of roof heat transfer coefficient is beneficial to the improvement of indoor average temperature, and the range of temperature fluctuation is basically unchanged. Therefore, 3 structural type of roof is selected for further analysis. Comparison and analysis of room temperature simulation. According to the structure of the building envelope shown in Table 5 to modify the model parameters, the indoor temperature of the original dwellings and the improved dwellings are simulated respectively, The comparison results are shown in Fig. 11 . Fig. 11 shows the indoor temperature contrast of two types of dwellings. It can be seen that the average indoor temperature of residential buildings is higher than that of the former dwellings, and the temperature fluctuation is smaller. The south room average indoor temperature is increased by 3.9 °C, the temperature fluctuation is increased by 0.7 °C; meantime, the north room average indoor temperature is increased by 4.2 °C, the temperature fluctuation is decreased by 2.9 °C. It can be seen that compared with the former dwellings, the quality of indoor thermal environment in residential buildings has been greatly improved without additional energy consumption.
As the room selected by the room (room1, room2) were the east side of the building north and south to get the most unfavorable room, and the analysis of indoor thermal environment selected outdoor weather data for the typical winter solstice, we can see that the whole building of each function room indoor thermal environment quality can reach the requirements of the North West Rural Residents of indoor thermal comfort standard.
Conclusions
(1) The northwest winter is cold, but the solar energy resources are rich, and it has the regional advantages to develop passive solar energy buildings. (2) Although the rural buildings in this area contain some ideas and means of solar energy utilization, due to the lack of scientific design, the thermal performance of the building envelope is poor, the indoor thermal environment is poor, and the residents' satisfaction is low. (3) Combined with the local rural specific situation, through the optimization of building envelope construction, the south room average indoor temperature is increased by 3.9 °C, the temperature fluctuations is increased to 0.7 °C; the north room average indoor temperature is increased by 4.2 °C, the temperature fluctuation decreased by 2.9 °C; Compared with the original residential, without increasing the energy consumption in the case, The indoor thermal environment quality of improved residence has been greatly improved, and reached the Northwest rural residents satisfied with the indoor thermal comfort standards.
